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Abstract 

Background, Aims and Scope. It is clear that a wastewater treat¬ 
ment plant brings about an enhanced quality of wastewater; how¬ 
ever, it also implies such environmental side effects as material 
and energy consumption as well as involving the generation of 
waste. This study is maintained within the boundaries of a re¬ 
search project that aims at the evaluation, from an environmental 
perspective, of the most common technical options focused on 
the removal of the organic matter present in urban wastewater. In 
particular, the paper presents the results for four centres of popu¬ 
lation with more than 50,000 inhabitants. The differences present 
among the facilities on their configurations will allow their com¬ 
parison and the definition of the less environmentally damaging 
scheme for the treatment of this type of wastewater. 

Methods. As done before, LCA was the tool used for the evalu¬ 
ation of the environmental performance of the systems under 
study. In particular, the Centre of Environmental Science (CML) 
of Leiden University methodology was considered. 

The collection and transportation of wastewater across the pipe¬ 
line was considered to be unaffected by the operation of the 
WTP and therefore, these stages were excluded. Within the 
boundaries of the treatment plants, the analysis was limited to 
the operation stage and no considerations were given to the 
building phase. 

Average annual data from several years were provided to obtain 
the inventory data, avoiding extraordinary conditions such as 
flooding or prolonged stop of units. 

CML factors (updated in 2002) were chosen for the impact assess¬ 
ment stage. SimaPro 5.1 software was used to make the calcula¬ 
tions easier and to provide the data for the background systems. 
Results and Discussion. The comparison performed showed that 
the different configurations entail variations on the impact cat¬ 
egories under study. Although higher electricity consumption 
was reported for those facilities with secondary treatment, its 
implementation is recommended as better results are obtained 
for eutrophication, undoubtedly an important criteria when 
wastewater treatment systems are analysed. In particular, the 
discharge of ammonium and phosphorous was identified as the 
main contributor within this impact category. The digestion of 
the sludge entails several benefits as the sludge is partially 
stabilised, its volume significantly reduced and the impacts as¬ 
sociated to its application to soil are minor. Concerning the sev¬ 
eral dewatering systems compared, the use of different chemi¬ 


cals to facilitate the water removal turned to have an influence 
on the environmental performance so attention to this should 
be paid in addition to the energy consumption associated. 
Conclusions and Recommendations. Four WWTPs of capacity 
ranging from 75,000 to 125,000 inhabitants were evaluated in 
order to get more knowledge of their environmental perform¬ 
ance. Data on material and energy consumption as well as char¬ 
acterisation of the water and the sludge entering and leaving the 
facilities were collected from the facilities in order to build the 
inventory required to perform the environmental assessment. 
The comparison performed among the four facilities made pos¬ 
sible the definition of a less environmentally damaging WWTP, 
where secondary treatment at the water line as well as filter band 
and anaerobic digestion at the sludge line should be included. 

As mentioned, this study is part of a research project in which 
twenty treatment plants (divided in groups according to their 
capacity of treatment) are being evaluating. At the present time 
only results from the study of those from the highest populated 
areas were considered. On-going research is focused on the analy¬ 
sis of the plants representative for less populated areas. 


Keywords: Comparative LCA; municipal wastewater treatment 
plant; Spain; wastewater 


Introduction 

The Council Directive 91/271/EEC of 21 May 1991 con¬ 
cerning urban waste-water treatment (also known as The 
European Water Act) establishes restrictive threshold con¬ 
centrations in the wastewater emissions and its implemen¬ 
tation is leading to a rapid multiplication of wastewater treat¬ 
ment plants (abbreviated WWTPs) across Europe. 

This activity causes an enhanced environmental quality of 
the wastewaters; however, it also implies such side effects as 
material and energy consumption as well as generation of 
waste. Consequently, it should be analysed under the per¬ 
spective of Life Cycle Assessment (LCA) methodology in 
order to evaluate its global environmental performance. 

To the best of our knowledge, the first reference on the ap¬ 
plication of LCA to wastewater treatment dates from 1997 
(Roeleveld et al. 1997), where LCA was used to evaluate 
the sustainability of the treatment of municipal wastewater 
in The Netherlands. Since then, the application of LCA to 
wastewater treatment has been located mainly in Sweden, 
where several papers (Tillman et al. 1998, Lundin et al. 2000) 
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have made use of this environmental management tool to 
evaluate and compare different scenarios for wastewater 
treatment in specific locations. Also under Swedish condi¬ 
tions, Karrman and Jonsson (2001) presented a method to 
normalise the environmental impact of four wastewater sys¬ 
tems quantifying their contribution to the total impact from 
their society. In Switzerland, and as a result of the Ecoinvent 
database project (Frischknecht et al. 2005), an Excel calcu¬ 
lation tool was created to inventory different types of waste- 
water treatments assuming average Swiss technology and 
including the transport in sewers, the treatment in WWTP 
as well as the digestion and disposal of the associated sludge 
(Doka 2003). Going a bit further, a recent study by Lassaux 
et al. (2006) has analysed the whole anthropogenic water 
cycle, from the pumping station to the WWTP, using the 
Walloon Region in Belgium as case study. In Spain, this re¬ 
search area is less developed and, to the best of our knowl¬ 
edge, few references are available: on the one hand, Vidal et 
al. (2002) compared three configurations of biological treat¬ 
ment by means of simulated data instead of real informa¬ 
tion, and on the other hand, Hospido et al. (2004, 2005) 
provided more detailed information in the evaluation of the 
environmental performance of a specific municipal waste- 
water treatment plant and the sewage sludge generated there. 

This study is maintained within the boundaries of a research 
project that aims at the evaluation, from an environmental 
perspective, of the most common technical options focused 
on the removal of the organic matter present in urban waste- 
water. Within this project, more than 20 WWTPs are under 
study, sorted in four groups according to their capacity of 
treatment: less than 5,000 inhabitants (Group 1), between 
5,000 and 10,000 inhabitants (Group 2), between 10,000 
and 50,000 inhabitants (Group 3) and more than 50,000 
inhabitants (Group 4). 

In particular, Group 4 comprises four WWTPs correspond¬ 
ing to four of the seven centres of population of more than 
50,000 inhabitants in Galicia (Spain). According to the Na¬ 
tional Institute of Statistics (INE 2004), 35.45% of the 
Galician populations live in these cities, a percentage which 
is a bit distant from the national average (50.63%). 

To perform the study, the development of a reliable inven¬ 
tory of each WWTP was required: an extensive analysis of 
all the input and output flows is deemed to be presented in 
tables with average values representative of a one-year pe¬ 
riod. Afterwards, the impact assessment stage allows the 
evaluation of the environmental performance of typical con¬ 
figurations for WWTPs as well as the identification of the 
main environmental loads and their origins. 

1 Goal and Scope Definition 

1.1 Objectives 

The general goal of this study is the environmental evalua¬ 
tion of the most common technical options for urban waste- 
water. In particular, our interest is focused on the descrip¬ 
tion of the environmental performance of their typical 
working conditions by identifying the main contributors to 


the global environmental impact of the facilities for a par¬ 
ticular group as well as the comparison of several current 
units among the possible configurations for water and sludge 
line of treatment. 

1.2 Functional unit 

The main purpose of any WWTP is the removal of pollutants 
from the wastewater and, consequently, the reduction of emis¬ 
sions (mainly solids, organic matter and nutrients) when the 
treated effluent is discharged to natural watercourses. 

Regarding the definition of the functional unit, several op¬ 
tions may be taken into account such as the quantity of re¬ 
moved pollutants or the volume of the treated wastewater 
or the generated sludge. According to the recommendations 
of Suh and Rousseaux (2001), the quantity of inflow water 
in a certain period of time appears to be the best choice 
since it is based on realistic data. However, the treatment of 
the wastewater generated from one person equivalent (pe) 
was established here as this parameter assists the compari¬ 
son among different WWTPs (Tillman et al. 1998). 

1.3 System boundaries 

The different LCA studies accomplished on urban water sys¬ 
tems established diverse choices for system boundaries (Lun- 
din et al. 2000). Bearing in mind the purpose of the study, the 
system boundaries were defined here as described below. 

According to Doka (2003) and Lassaux et al. (2006), the 
sewer system, mainly due to its construction, accounts for a 
non-negligible environmental load. However, the study pre¬ 
sented here aims for the comparison of different technical 
options at the plant level and, as a result, the collection and 
transportation of wastewater across the pipeline is not af¬ 
fected by the operation of the WWTP. Therefore, these stages 
can be excluded and the initial point of this study is the 
chamber receiving the wastewater at the WWTP. 

Within the boundaries of the treatment plant, both Lundie et 
al. (2004) and Lassaux et al. (2006) have reported that the 
impact of the operation phase is larger than that of the con¬ 
struction stage. In addition, Tillman et al. (1998) found that 
the investment impacts were similar for their different alter¬ 
natives in contrast to those related to the operation of the 
treatment systems. Bearing all these in mind, the analysis pre¬ 
sented here was limited to the operation stage of the WWTP 
and no considerations were given to the building phase. 

So, the focus of this comparison is the WWTP operation, a 
stage that has been reported by Lassaux et al. (2006) as one 
of the three main contributors to the global environmental 
load along the whole anthropogenic water cycle. 

A typical WWTP has three different lines: water, sludge and 
biogas (optional). Although the units can vary among facili¬ 
ties, a general system comprising five subsystems was de¬ 
fined for the four WWTPs, including not only the treatment 
of the influent but also the different solid fractions and sludge 
generated as well as the production of electricity, the manu¬ 
facture of chemicals and their transportation by road. A short 
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Table 1 : Configuration and capacity (stated as person equivalents) of the facilities under study 


Subsystem 

WWTP 1 
= 125,000 pe 

WWTP 2 
= 110,000 pe 

WWTP 3 
= 107,000 pe 

WWTP 4 
= 72,000 pe 

1 

Input of raw water 






Pre-treatment 






Primary treatment 






Discharge of partially treated water into the watercourse 


- 




Transportation and treatment of the solid fractions generated 





2 

Secondary treatment (activated sludge) 




- 


Discharge of treated water into the watercourse 





3 

Thickening of sludge 






Anaerobic digestion of sludge 


- 




Production and internal use of biogas 


- 




Dewatering of digested sludge with centrifuges 

- 

- 


- 


Dewatering of digested sludge with filter press 

- 


- 

- 


Dewatering of digested sludge with filter band 


- 

- 



Production and transport of chemical reagents for dewatering 





4 

Consumption of electricity that cannot be allocated to other 
subsystems, such as auxiliary services and general illumination 






Production and transport of chemical reagents for deodorisation towers 

- 

- 



5 

Storage of filter cake 






Transport of treated sludge to farms 






Application to land for agricultural purpose 






description of the specific configuration of every subsystem 
at each WWTP is presented in Table 1. 

1.4 Data quality and simplifications 

The company in charge of the wastewater management pro¬ 
vided average annual data from several years, avoiding such 
extraordinary conditions as flooding or prolonged stop of 
units. As a result, the years used to define the typical year of 
operation were: 2002-2003 for WWTP1, f998-2003 for 
WWTP2, 2002-2003 for WWTP3 and 2000-2003 for 
WWTP4. 

In addition, some complementary data were obtained from 
SimaPro databases, which are described next: 

• Electricity. Due to the non-availability of accurate data on 
electricity consumption per subsystem, an electrical energy 
distribution across the process was estimated considering 
the theoretical power requirement of each unit as well as 
the computed working hours. In relation to the electricity 
production profile, data from the Institute for Diversifica¬ 
tion and Saving of Energy was used (IDAE 2004). Al¬ 
though, some data for the environmental burdens of elec¬ 
tricity production in Spain have been recently derived from 
a major EU funded research project called ExternE (2004), 
their high uncertainty only allows their use as background 
information. Consequently, information from a well- 
known database, IDEMAT (2001), was selected. 

• Generation, transport and treatment of solid waste. The 
accurate quantification of the amount of each faction of 
solid waste generated (grease waste, inert residue and 
municipal solid waste) was not viable, therefore their 
productions were estimated by means of the volume and 


frequency of each collection truck. The specific waste 
treatment was different according to the residue charac¬ 
teristics: inertisation for grease wastes and landfills both 
for inert residues as well as for municipal solid waste. 

• Polymeric flocculants (polyacrylamides) are added for 
sludge conditioning and dewatering. As no information 
was available for polyacrylamide production, data re¬ 
garding acrylonitrile fabrication (IDEMAT 2001), one 
of the key raw materials used in acrylamide manufac¬ 
ture (Ullmann 1997), were used in the analysis. 

• C0 2 emissions from the aeration tank as well as from 
the combustion of biogas were not taken into account as 
CO, generation is biogenic (it belongs to the short C0 2 - 
cycle) and, consequently, it does not contribute to the 
climatic change. 

• Methane emissions (if conditions for anaerobic degra¬ 
dation take place) and nitrogen compounds - nitrous 
oxide and ammonia - derived from the application of 
sludge on agricultural land were estimated by means of 
emission factors from the literature (Hobson 2003 and 
Tundin et al. 2000). 

• Fertilisers avoided: Phosphorous and nitrogen are inorganic 
macronutrients, both of which are essential for all living 
organisms. Sewage sludge contains both elements in an 
important percentage that transforms this waste into a ben¬ 
eficial material prone to be recycled. Therefore, assuming 
the agricultural production to be constant, land applica¬ 
tion of sewage sludge reduces the need for other types of 
fertiliser. The substitutability was assumed to be 70% for 
phosphorus and 50% for nitrogen (Bengtsson et al. 1997). 
Concerning industrial products to be avoided, N-based and 
P-based fertilisers were chosen (IDEMAT 2001). 
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2 Operational Conditions at the Four WWTPs 

A short description of the four facilities was presented in 
Table 1 and a summary of the data handled for the com¬ 
parison is now displayed in Table 2. As clearly derived from 
the figures, the particular configuration of each plant af¬ 
fects the related values that described its steady performance. 

The main differences among the WWTPs can be detailed as 
follows: 

• Water line: Presence or absence of secondary treatment 

• Sludge line: Presence or absence of anaerobic digestion 
as well as implementation of different types of units for 
sludge dewatering 

• Ancillary activities: Presence or absence of deodorisation 
towers for odour treatment 


Table 2: Relevant parameters of the inventory data for the WWTPs. All 
data are presented per person equivalent (pe) 



WWTP 1 

WWTP 2 

WWTP 3 

WWTP 4 

Inputs from Background System 

Electricity (kWh) 

19.6 

28.6 

36.6 

13.2 

Polymer (g) 

41 

a 

91 

10 

Outputs for Further Treatment 

Solid waste (kg) b 

8.54 

j 0.98 

7.97 

8.66 

Avoided Products 

N as Fertiliser (g) 

341 

965 

360 

84 

P as Fertiliser (g) 

195 

335 

84 

21 

Emissions to Water 

Total COD (kg) 0 

18.6 

5.7 

18.9 

32.9 

Total BOD (kg) d 

7.29 

1.92 

8.60 

10.5 

Total N (kg) e 

2.71 

2.40 

2.58 

6.33 

Total P (g) 

77 

113 

622 

333 

Cr(g) 

N.D. 

N.D. 

N.D. 

31 

Cu (g) 

3.8 

3.8 

23.4 

6.0 

Fe (g) 

N.D. 

20 

109 

636 

Pb (g) 

N.D. 

N.D. 

N.D. 

108 

Zn (g) 

20 

16 

54 

N.D. 


Emissions to Soil 


Sludge (kg)' 

9.48 

44.8 

8.57 

2.46 

Cd (mg) 

13 

241 

5.8 

7.9 

Cr (mg) 

745 

4,469 

425 

123 

Cu (mg) 

1,819 

9,454 

3,466 

583 

Hg (mg) 

14 

27 

30 

11 

Ni (mg) 

275 

2,461 

208 

54 

Pb (mg) 

3,145 

3,375 

941 

606 

Zn (mg) 

14,324 

19,279 

4,846 

1,659 


Emissions to Air 


CH 4 (g) 

47 

897 

43 

12 

N 2 0 (g) 

5.4 

15 

5.6 

1.3 

NH 3 (g) 

104 

293 

109 

25 


N.D. = not detectable 

a The dewatering system used at WWTP2 requires different chemicals 
to achieve a certain degree of dryness in the final sludge; in 
particular, iron chloride and lime are consumed instead of polymer 
b Including several types of waste: inert waste, municipal solid waste 
and fatty waste 

c COD = Chemical Organic Demand 
d BOD = Biological Organic Demand 

e Including different N-forms, such as ammonium, nitrate and nitrite 
f Stated as grams of dry matter 


3 Environmental impact caused by the WWTPs 

Fig. 1 shows the indicator results from the characterisation 
phase at the life cycle impact assessment. To do so, the 
characterisation factors reported by the Centre of Environ¬ 
mental Science of Leiden University (CML 2 2002 accord¬ 
ing to the SimaPro 5.1 nomenclature) were used. In addi¬ 
tion, and in order to make the chart clearer, values were 
indexed using the WWTP1 as baseline (Index =100 for each 
impact category). 

3.1 Eutrophication (EU) 

Eutrophication was defined by Hellstrom et al. (2000) as one 
of the priority criteria for the definition of sustainable waste- 
water treatments. Not surprisingly, the discharge to the wa¬ 
tercourse of treated or partially treated effluents (subsystems 
1 and 2) totally regulates the impact on eutrophication. 

At WWTP 4, the non-existence of secondary treatment leads 
to the discharge of wastewater presenting a significant pol¬ 
lution and, as a result, producing a great impact on the envi¬ 
ronment (see Fig. 1). At WWTP 1 and 3, around one half of 



EU OD GW AC PO 
700 1- 



AD HT FET MET TET 


□ WWTP 1 B WWTP2 ■ WWTP3 Q WWTP4 


Fig. 1 : Relative environmental profile of the compared scenarios, with 
WWTP1 being the baseline (Index = 100). Impact category acronyms: EU 
= Eutrophication, OD = Ozone Depletion, GW = Global Warming, AC = 
Acidification, PO = Photo-Oxidants formation, AD = Abiotic Depletion, HT 
= Human Toxicity, FET = Freshwater aquatic EcoToxicity, MET = Marine 
aquatic EcoToxicity and TET = Terrestrial EcoToxicity 
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□ Ammonium a fliosphorous ■ COD b Nitrate 


Fig. 2: Contribution analysis of the main substance involved in eutrophication 


the flow crosses both primary and secondary treatment (sub¬ 
system 2), but the other half only goes through the primary 
one (subsystem 1). The WWTP 2 is the only one capable of 
processing all the water entering the plant; however, it should 
be mentioned that a by-pass for exceeding input flow oc¬ 
curs before the WWTP gate and was not included in the 
analysis due to the lack of information. 

A further analysis was performed so as to identify the spe¬ 
cific substances behind these environmental impacts (Fig. 2). 
As a result, two substances were found to account for more 
than 70% of the total value of the impact category: ammo¬ 
nium and phosphorous. 

The improvement actions proposed can be fixed on two spe¬ 
cific directions, related to the topics previously mentioned: 

• An accurate over-dimension of the treatment plant is 
desirable considering both the amount of pluvial waters 
and the expected growth of the urban and industrial sur¬ 
rounding areas. This aspect will avoid the discharge of 
partially treated flows, which entails important contri¬ 
butions to the eutrophication of watercourses (almost 
60% at WWTP1 and around 55% at WWTP3). 

• The need for considering nitrogen and/or phosphate re¬ 
moval in the design of WWTPs. In fact, this action was 
proposed by several authors as the proper way to face 
eutrophication impact either by means of the adaptation 
of the current system or by means of a redefinition of the 
treatment system. Vidal et al. (2002) considered the first 
option with two possible configurations (Ludzack-Ettiger 
and oxidation ditch) for nitrogen elimination, which were 
compared with a reference scenario (activated sludge). 
Related to the second approach, Tillman et al. (1998) as 
well as Lundin et al. (2000) have emphasised the envi¬ 
ronmental advantages of separation systems in opposi¬ 
tion to conventional systems (as are all the WWTP here 
under study) and, in particular, they have pointed out 
urine separation as a very effective means of dealing with 
both organic matter and nitrogen, improving the oppor¬ 
tunities for recycling and avoiding their direct release to 
the environment. 


3.2 Ozone depletion (OD) 

The differences on the dewatering system at WWTP2 (sub¬ 
system 3) are behind the high value for this impact category. 
In fact, the production of the chemicals involved (lime and 
iron chloride) represents almost half of the total ozone deple¬ 
tion associated with this facility. The same compounds, al¬ 
though to a lesser degree, are used also at WWTP4 (sub¬ 
system 1) and its manufacture is responsible for the 
significant value of OD at this plant. 

When those chemicals were excluded, OD is totally depen¬ 
dent of electricity production (see below). 

3.3 Global warming (GW) 

Karrman and Jonsson (2001) reported that 12 kg of CO, 
equivalents are emitted per pe and year when using a conven¬ 
tional system for wastewater treatment. Here, two of the four 
facilities are in agreement with this figure (13.8 and 11.1 kg of 
CO, equivalents per pe at WWTP1 and WWTP4, respectively, 
being higher than the values for WWTP2 and WWTP3). 

A detailed analysis was carried to identify the subsystems 
that contribute most to the global warming impact (Table 3) 
and it was found that all of them were involved to similar 
extend in the generation of gases that aggravate the global 
warming. In particular, two are the substances that contrib¬ 
ute most: CO, emissions in electricity production and CH 4 
emissions when sludge is applied on agricultural soil. 

The second source in particular was estimated by means of 
emission factors taken from the available literature as no 
real information was accessible. The production of methane 
is related to the anaerobic decomposition of the sewage sludge 
in the soil, which may occur in wet climate where the soils are 
waterlogged during an important fraction of the year (Hobson 
2003). Taking into account the characteristics of the Galician 
climate, the anaerobic degradation of the sludge applied to 
soil was considered and CH 4 emissions estimated and included 
in the inventory. However, that inclusion can be considered 
very general as aspects such as the capacity of the soils for 
drainage may influence and, consequently, a sensitivity analy¬ 
sis to evaluate the effect of considering anaerobic versus aero¬ 
bic degradation of the sludge in the soil is interesting (Fig. 3). 
As can be observed, only the value for WWTP2 is affected as 
it involves the greater amount of sludge as well as the higher 
emission factor (for not digested sludge). Nevertheless, even 
under aerobic conditions, WWTP2 presents the higher value 
for GW with more than 30 kg of C0 2 equivalents per pe. If 
CH 4 emissions are not regarded, GW is mainly regulated by 
the C0 2 emissions from electricity consumption that is 
analysed below. 


Table 3: Analysis of contribution per subsystem for the Global Warming. 
All data are presented as % 



WWTP 1 

WWTP 2 

WWTP 3 

WWTP 4 

Subsystem 1 

35.33 

11.40 

33.98 

72.88 

Subsystem 2 

34.78 

16.26 

38.76 

- 

Subsystem 3 

10.72 

22.85 

12.55 

18.95 

Subsystem 4 

2.19 

1.83 

3.73 

1.87 

Subsystem 5 

16.99 

47.66 

10.98 

6.30 
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WWTP 1 WWTP2 

WWTP3 WWTP 4 

■ Anaerobic 

□ Aerobic 


Fig. 3: Influence of CH 4 emission factors associated with the conditions of 
sludge degradation in soils associated with Global Warming 

3.4 Acidification (AC) 

Emissions triggering acidification are mainly caused at elec¬ 
tricity production and, therefore, this parameter constrains 
AC (subsystems 1, 2 and 3 in Table 3). From smaller to 
higher consumption: 13.2 kWh/pe (WWTP 4), 19.6 kWh/pe 
(WWTP 1), 28.6 kWh/pe (WWTP 2) and 36.6 kWh/pe 
(WWTP 3), these values are in agreement with those avail¬ 
able in literature: similar to the 33 kWh/pe reported by 
Lundin et al. 2000 and slightly inferior to the 46.4 kWh/pe 
reported by Tillman et al. 1998, likely due to a factor scale 
as the plant analysed there had a capacity of 20,000 inhab¬ 
itants. In addition and bearing in mind that WWTP 4 should 
be excluded from this statement as it lacks secondary treat¬ 
ment, it can be confirmed that the higher amount of water, 
the lower consumption of electricity per person equivalent 
is derived. 

3.5 Photo-oxidants formation (PO) 

Among the impact categories typically considered by LCA 
studies, Lundie et al. (2004) listed PO as one of the catego¬ 
ries of relevance to the water industry. According to Karrman 
and Jonsson (2001), 100 g of ethane equivalents are emitted 
per pe when using a conventional system for wastewater 
treatment. The values reported here are far smaller, being 
the higher (WWTP2) 12 g per pe, than those, as a result of a 
less significant energy use (direct and indirect), element that 
dominates the emissions associated with this impact category. 

3.6 Abiotic resources depletion (AD) 

The production of chemicals and the avoided manufacture 
of fertilisers balance the negative and positive effects of the 
WWTP of this impact category. In particular, the stabilisation 
of the fatty waste that takes place only at WWTP1 domi¬ 
nates this impact category due to the production of the ce¬ 
ment that is consumed there. If this process is disregarded, 
the comparison is dominated by the avoided burdens asso¬ 
ciated with the use of sludge as fertiliser. 


3.7 Toxicological categories (HT, FET, MET and TET) 

Although the characterisation models for the definition of 
toxicological impact categories are still looking for consen¬ 
sus among the LCA community (Larsen et al. 2004), they 
are important when dealing with water systems (Lundie et 
al. 2004). 

In particular, and taking into account the data available re¬ 
garding toxic compounds (heavy metals in the sludge), we 
focus the discussion on the Terrestrial Ecotoxicity category 
(TET). The application of sludge on agricultural land (sub¬ 
system 5) totally dominates the impact and, in this sense, it 
must be noticed that the most adverse case was applied, so 
that the numbers represent the maximum possible values. 
Although more research is required to accurately establish 
the amount of heavy metals that in fact reach the soil, some 
attempts have been carried with soils of the region under 
study (Monterroso et al. 2003); however, only values for Cr, 
Cu, Ni, Pb and Zn were reported there. 

The amount of sludge at the WWTPs is dependent on two 
opposite aspects: the implementation of secondary treatment 
and anaerobic digestion. If the former occurs, a higher 
production takes place. If the latter happens, a great reduc¬ 
tion of sludge is achieved. WWTP 2 combines both aspects 
in a negative direction (presence of secondary treatment and 
absence of anaerobic digestion) so a huge amount of sludge 
is produced (see Table 2) and an extremely high impact is 
brought about (see Fig. 1). On the contrary, WWTP 4 merges 
both effects in a positive sense (absence of secondary treat¬ 
ment and presence of anaerobic digestion), which explains 
the minor value attained for this impact category (see Fig. 1). 
In WWTP 1 and 3, both aspects are balanced (absence of 
secondary treatment as well as anaerobic digestion) and com¬ 
parable values are obtained for the two plants. 

The definition of improvement actions to tackle the impor¬ 
tant impact on terrestrial toxicology is not a simple duty. 
Sludge quality results from the quality of wastewater enter¬ 
ing the WWTP; therefore, more effort should be made to 
ensure the quality of wastewater by enforcing stricter dis¬ 
charge standards for industrial wastewater (believed a priori 
to be responsible primarily). However, other recent reports 
show the complexity to identify the sources of metals which 
contribute to the wastewater pollution; for instance, it has 
been reported that only a negligible fraction, 4% or less, of 
the present contribution of heavy metals to WWTP in 
Stockholm (Sweden) is derived from large size factories; sur¬ 
prisingly, the contribution also seems to be rather marginal 
from smaller ones (Sorme and Lagerkvist 2002). In 
Gothenburg (also in Sweden), measurements in the early 
1990s showed that the total contribution to WWTPs from 
small factories was 3% for the following heavy metals: Zn, 
Hg, Ni, Cr and Cd, 6% for Cu and 12% for Pb (Mattson et 
al. 1991 cited at Sorme et al. 2003). All these results suggest 
that there is a diffuse pollution source, which is difficult to 
be identified. Substance flow analysis (SFA) has been used 
to search for alternatives to reduce sources and conclusions 
regarding the opportunities for wastewater utilities to man¬ 
age and to reduce sources of heavy metals are to a certain 
extent encouraging for only certain metals such as Ni (Lind- 
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qvist-Ostblom et al. 2001). Consequently, WWTP cannot 
be regarded as a separate phenomenon in society but as a 
part of the system of material flows, since reducing the 
WWTP emissions might involve a reduction in the inflow of 
heavy metals in society and a better overview of the urban 
erosion processes in order to decrease the diffuse sources 
(Sorme et al. 2003). 

4 Environmental Comparison According to the Different 
Configurations 

As mentioned above, there are several differences among 
the plants under study. In this section, an analysis regarding 
how these dissimilarities affect the environmental perfor¬ 
mance of the WWTP is presented. 

4.1 Secondary treatment of wastewater 

At WWTP4, no more than a primary treatment is being per¬ 
formed for removal of pollutants from the wastewater. The 
average yield for organic matter removal is less than 30%, 
which is an indication of the poor decontamination taking 
place. Not surprisingly, this situation is reflected on the 
eutrophication category with a two-fold impact in compari¬ 
son with the other WWTPs (see Fig. 1). 

The secondary treatment existing in the other three plants is 
focused on the removal of organic matter, but not on the 
elimination of N and P. Although their proper performance 
also entails the indirect removal of those nutrients as the 
bacteria existing in the reactor consume them, a specific 
design for N removal should be an improvement action to 
be considered. 

Bearing in mind that the main purpose of WWTP is the re¬ 
moval of pollutants from the water and that eutrophication 
turned out to be one of the most significant categories, a sec¬ 
ondary treatment aiming for the elimination of organic mat¬ 
ter, nitrogen and phosphorous, and designed in agreement with 
the required capacity of treatment to avoid by-pass of un¬ 
treated water, should be included on the design of a WWTP 
for populations higher than 50,000 inhabitants. In fact, this 
suggestion totally agrees with the current tendency and 
should be taken into account mainly when dealing with fa¬ 
cilities of around ten or fifteen years old, as the ones here 
under study, for possible adaptation or rebuilding. 

4.2 Anaerobic digestion of sludge 

The most evident benefit that goes together with anaerobic 
digestion is the reduction of the amount of sludge generated 
at a WWTP. Moreover, a stabilisation is achieved and, con¬ 
sequently, a more safe application of the sludge to the soil 
takes place. This factor is undoubtedly important as sludge 
is very often used as soil amendment in our region. 

As was presented above, two impact categories are influ¬ 
enced totally by the existence of anaerobic digestion: terres¬ 
trial toxicology and, to lesser extent, global warming. In 
both cases, the presence of anaerobic digestion proved to be 
the right option. 


Taking into consideration these ideas, it seems to be evident 
that anaerobic digestion should also be included on the de¬ 
sign of a WWTP for centres of population higher than 50,000 
inhabitants. 

4.3 Different types of units for sludge dewatering 

Three equipments for sludge dewatering were analysed: fil¬ 
ter band at WWTP1 and WWTP4, filter press at WWTP2 
and centrifuges at WWTP3. Each option entails a specific 
electrical consumption and the use of particular chemicals. 

No direct comparison per ton of sludge was possible as spe¬ 
cific information concerning the electrical consumption of 
the dewatering system was only available for WWTP1, fil¬ 
ter band. However, some considerations can be made. The 
analysis of contribution per subsystems shows that sub¬ 
system 3 (where dewatering unit is included) had a higher 
contribution at WWTP 2, which, as mentioned, can be ex¬ 
plained on the basis that a higher dryness is achievable at the 
final cake there by the expense of a more chemically-demand¬ 
ing system (10.8 kg of lime and 6.1 kg of iron chloride per pe, 
versus 41 g, 91 g and 10 g of polymer at WWTP 1, 3 and 4, 
respectively). In addition, and as results are presented per pe, 
the non-existence of digestion at WWTP2 worsens the con¬ 
tribution of this subsystem as a higher amount of sludge is 
produced and, consequently, a higher amount of chemicals 
are required to attain the dryness required. 

4.4 Deodorisation towers for odour treatment 

Although the climate of the region helps in intensifying the 
problems associated with odours at the WWTPs, two of the 
plants (WWTP 2 and 3) have two deodorisation towers 
where several chemicals (sulphuric acid, sodium hypochlo¬ 
rite and sodium hydroxide at the former and hydrogen per¬ 
oxide, sodium hypochlorite and sodium hydroxide at the 
latter) are added to purify the gas collected. The production 
and transportation of those compounds stands for less that 
1 % of the total impact in all the impact categories studied, 
so its influence can be considered negligible. 

However, it should be noted that no information regarding 
the release of neither polluted (WWTP 1 and 4) nor treated 
(WWTP 2 and 3) was included to the lack of analytical re¬ 
sults on that flow. 

5 Conclusions 

In this paper, four WWTPs of capacity ranging from 75,000 
to 125,000 inhabitants were evaluated in order to know more 
regarding their environmental performance. Data on mate¬ 
rial and energy consumption as well as characterisation of 
the water and the sludge entering and leaving the facilities 
were collected from the facilities in order to build the inven¬ 
tory required to perform the environmental assessment. 

The comparison carried out has shown that the different 
configurations regarding the water (existence of secondary 
treatment) and the sludge (existence of anaerobic digestion 
and diverse systems for dewatering) line affects the environ¬ 
mental performance of the wastewater treatment plants. 
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Related to the former, and although a higher electricity con¬ 
sumption was reported for those facilities where a second¬ 
ary treatment took place and consequently a higher impact 
in those impact categories dominates for this element, its 
existence is recommended as better results are obtained for 
eutrophication, undoubtedly an important criteria when 
wastewater treatment systems are analysed. Within this im¬ 
pact category, the discharge to the environment of untreated 
ammonium and phosphorous, both in the treated and in the 
partially treated water stream, was identified as the main 
contributor and, in this sense, two improvement actions to 
cope with this impact were proposed: the correct dimension 
of the facilities capacity to avoid the appearance of discharge 
of partially-treated flows and the consideration of nitrogen 
and/or phosphate removal in the design of WWTPs. 

The digestion of the sludge also entails several benefits as 
the sludge is partially stabilised and the volume significantly 
reduced. In addition, biogas is produced so the recovery of 
the energy content is possible. Concerning the several dewa¬ 
tering systems compared, the use of different chemicals to 
facilitate the water removal turned out to have an influence 
on the environmental performance so attention to this should 
be paid in addition to the energy consumption associated. 

Therefore, the comparison performed among the four fa¬ 
cilities made possible the definition of a less environmen¬ 
tally damaging WWTP, where secondary treatment at the 
water line as well as filter band and anaerobic digestion at 
the sludge line should be included. 
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